ABSTRACT Under controlled conditions we exposed eggs of 17 potential host taxa representing Þve orders and 14 families to females of Trichogramma platneri Nagarkatti, an egg parasitoid used as an inundative biological control agent against codling moth, Cydia pomonella L. (Lepidoptera: Tortricidae). Trichogramma platneri successfully parasitized species from Þve lepidopteran families (Gelechiidae, Noctuidae, Pyralidae, Sphingidae, Tortricidae) and the green lacewing, Chrysoperla carnea Stephens (Neuroptera: Chrysopidae). Female wasps spent more time on heavier host eggs and the probability of successful parasitism was related to the structural integrity of the chorion of the host egg. We observed oviposition attempts on all other lepidopteran hosts offered and on eggs of Geocoris punctipes Say (Hemiptera: Lygaeidae) and Nezara viridula L. (Hemiptera: Pentatomidae). Dipteran and coleopteran eggs were not attacked. Sentinel eggs of the six physiologically acceptable hosts were exposed in a walnut orchard in California during inundative releases of T. platneri and all hosts were attacked equally. Parasitoids were also equally active at all heights from 1.5 to 6.5 m within the orchard canopy. Inundative releases of T. platneri may impact naturally occurring populations of green lacewings within walnut orchards, and have the potential to impact nontarget lepidopteran populations within the release area.
CODLING MOTH, Cydia pomonella (L.), is the key pest of walnuts in California and is usually controlled by organophosphate insecticides (Mills 1998) . However, increased resistance (Varela et al. 1993) has prompted interest in alternative control methods such as inundative biological control. Trichogrammatid egg parasitoids are used worldwide as inundative biological control agents for lepidopteran pests in forestry, orchard, and row crops (Li 1994 , Smith 1996 . Trichogramma platneri Nagarkatti is an arboreal species known to attack C. pomonella, and is indigenous to the United States west of the Rocky Mountains (Pinto et al. 1991) . It is a species in the T. minutum complex although its taxonomic status remains questionable due to conßicting results from compatibility crosses and DNA sequencing (Stouthamer et al. 2000a (Stouthamer et al. , 2000b .
Concerns have been raised about possible nontarget effects from Trichogramma inundation (Andow et al. 1995) because these parasitoids have a relatively broad host range (Smith 1996 , Pinto 1998 . Recent studies have suggested that nontarget effects from biological control introductions may be more common than previously thought (Simberloff and Stiling 1996 , Louda et al. 1997 , Follett et al. 2000 . The importance of host speciÞcity and assessment of nontarget effects is now well recognized for classical biological control (Blossey 1995 , Van Driesche and Hoddle 1997 , Follett and Duan 2000 and host range testing of potential control agents is an essential part of new classical biological control programs (e.g., Lopez-Vaamonde and Moore 1998, Sands and Coombs 1999, Zaviezo and . Less emphasis has been placed on host range testing for inundative programs, perhaps because the control agent is not expected to establish permanent populations (Andow et al. 1995 ). Yet the high release rates and broad host ranges of Trichogramma species used in inundative biological control could pose a signiÞcant environmental risk. For example, T. platneri is applied at a rate of 500,000 parasitized eggs/ha when released against codling moth (Mills 1998 .
The host range of a potential biological control agent is a primary factor affecting the efÞcacy of the agent and the probability of nontarget effects (McEvoy 1996) . Physiological host range is the group of species on which a control agent can survive and complete its development, and is determined by laboratory testing (McEvoy 1996, Onstad and McManus 1996) . Such tests should include not only measure-ment of parasitism, but also behavioral observations of the parasitoidÕs response to a novel host (Wuhrer and Hassan 1993 , Duan and Messing 1997 , Silva and Stouthamer 1999 . Mortality of nontarget species through stinging alone may be a signiÞcant factor during inundative release of parasitoids and behavioral observations can provide a measure of the acceptability of a host species for stinging, even if it is not suitable for parasitoid development.
Ecological host range represents a subset of the physiological host range and is the set of species on which a control agent reproduces under natural conditions (Onstad and McManus 1996) . In general, ecological host range is considered to be more informative than physiological host range in assessing the risk of nontarget impacts from introduced biological control agents (Van Driesche and Hoddle 1997). However, ecological host ranges can vary in both time and space, being inßuenced by factors such as geographic distribution, plant architecture and phenology. For example, as observed in other parasitoid taxa, the searching activity of several Trichogramma species can be height speciÞc within the plant canopy (Thorpe 1985 , Smith 1988 , Wang et al. 1997 . In spite of such variability, evaluations of parasitism and parasitoid behavior under natural conditions are valuable indicators of ecological host range in the assessment of environmental risks of biological control agents (Duan and Messing 1997) . Pinto (1998) reports 33 Þeld-collected host records for T. platneri from ten genera representing eight lepidopteran families (Geometridae, Lycaenidae, Lymantriidae, Noctuidae, Nymphalidae, Pyralidae, Sphingidae, Tortricidae). Under controlled conditions T. platneri has also been reared from Pandemis limitata Robinson (Tortricidae) (Zhang and Cossentine 1995) and both Sitotroga cerealella Olivier (Gelechiidae) and Ephestia kuehniella Zeller (Pyralidae) are factitious hosts used for commercial rearing (Kuhlmann and Mills 1999) . These records show that T. platneri is a polyphagous egg parasitoid and thus a useful model species for evaluation of different aspects of the physiological and ecological host range for a generalist parasitoid.
The purpose of this study was twofold. First, to evaluate the physiological host range of T. platneri using a wide range of novel taxa in no-choice tests under controlled conditions, and to relate acceptability to structural characteristics of the host egg. Potential hosts were selected to represent not only a wide taxonomic range, but also a variety of egg characteristics. Second, to investigate the susceptibility of physiologically acceptable hosts to attack by T. platneri under Þeld conditions in a walnut orchard, and to assess whether susceptibility varies with height within the orchard canopy (aspects of the ecological host range of T. platneri). Novel hosts as well as Þeld-recorded hosts were used for this Þeld study, to determine how egg characteristics might inßuence host range under Þeld conditions.
Materials and Methods
Insects. We used T. platneri reared on S. cerealella in this study and tested the parasitoids against 17 potential host species ( Structural integrity of the chorion represents the weight required to crush the egg (n ϭ 10).
exigua ( Physiological Host Range. All host eggs used in these experiments were either irradiated (C. pomonella only) or frozen when 24 h old to halt larval development, thus preventing egg hatch, and stored at 5ЊC for no more than 7 d before exposure to T. platneri. Short periods of freezing and cool storage of eggs do not affect their acceptability to Trichogramma (Nagarkatti et al. 1991, Daumal and Boinel 1994) . We characterized the eggs for all hosts except G. calmariensis, because too few eggs were available for this species (Table 1) . We determined the mean fresh weight of a single egg, weighed on a microbalance (Cahn Instruments, Cerritos, CA). We also evaluated the structural integrity of the chorion by weighing the quantity of ball bearings and/or lead sinkers needed to crush an egg between two thin plastic sheets. Finally, we assigned a shape and surface texture by viewing a minimum of 10 eggs for each host species under a dissecting microscope. These characteristics were used as potential explanatory variables for the observed physiological host range and to deÞne potential limits to host acceptability.
Host Acceptability. To determine physiological host range 1-d old, mated, naive, honey-fed female T. platneri were individually presented with a card of 20 eggs in glass vials (92 by 28 by 28 mm) and incubated at 25ЊC and 16:8 (L:D) h for 24 h. Host eggs were attached to cards (70 by 20 mm) using a water based glue (Gane Brothers & Lane, Atlanta, GA). When the large eggs of A. luna, A. io, B. mori, and M. sexta were tested only Þve eggs per card were presented such that an approximately equal weight of eggs was offered in all cases. We repeated the experiment until at least 30 T. platneri had survived the entire trial (except H. zea, n ϭ 29). Dilute honey was provided on Þlter paper inside the vial for the duration of the test. In addition to monitoring the success of parasitism in these tests, we recorded the activity of each female at 15-min intervals over the Þrst 2 h and last 2 h of the trial as drumming, drilling, or ovipositing on a host egg (e), resting or feeding on honey (h), or walking around the vial (w). These behavioral observations were conducted to distinguish host eggs that were ignored from those that elicited either drilling or oviposition, but which did not lead to successful parasitoid development. In cases where drilling was observed in the absence of obvious parasitoid development, both the host eggs and the female parasitoids were dissected to check for evidence of oviposition. Female parasitoids with a less than typical egg load (36 Ϯ 2 eggs for a 1-d-old T. platneri, Mills and Kuhlmann 2000) after exposure to novel host eggs were assumed to have been successful in oviposition on that host.
Previous studies of host preference in Trichogramma spp. (van Dijken et al. 1986 , Pak et al. 1990 , Hassan and Guo 1991 have used measures such as the ratio of host acceptance to host contacts to measure the relative attractiveness of different host species. However, such tests require continuous observation of individual parasitoids which places signiÞcant limits on the number of hosts tested and the number of replicate observations made. This study was intended to determine only if parasitoid oviposition and development were possible, when hosts were offered in a no-choice situation, not to assess relative preference for different host species under choice conditions. Therefore a simpler method of observation was devised that allowed multiple individuals to be observed simultaneously, yet produced a measure of the time spent in contact with the host eggs.
Progeny Fitness. After 24 h of exposure to T. platneri, the egg cards from the physiological host range tests were removed and incubated at 25ЊC and a photoperiod of 16:9 (L:D) h for 7Ð9 d to estimate their suitability for progeny production. Any T. platneri progeny that emerged were held for 24 h with honey before estimating sex ratio, female egg load and hind tibia length for all parasitoids in each vial. Egg load of individual females was measured by counting eggs squeezed from the abdomen beneath a cover slip on a microscope slide. Hind tibia length (an index of parasitoid size, Bourchier et al. 1993) was determined using an ocular micrometer mounted in the eyepiece of a microscope.
Ecological Host Range. To assess the susceptibility of physiologically acceptable hosts to parasitoid attack under natural conditions, we monitored sentinel eggs of six host species (C. carnea, C. pomonella, E. kuehniella, H. zea, M. sexta, and S. cerealella) exposed for 3 d in a walnut orchard at Corning, Tehama County, CA. The trees were Ϸ10 m in height and planted in rows spaced 9 m apart with 9 m between trees in a row. The experimental block was divided into 18 0.2-ha plots (4 trees ϫ 6 rows) and one of two treatments (release or no release) was randomly assigned to each plot. Trichogramma platneri were released at the standard rate for codling moth control of 500,000 parasitized eggs/ha in each of the nine release plots by stapling squares from commercially produced egg cards onto a leaf in the lower canopy of each tree after adult males had begun to emerge. We measured background parasitism by the wild T. platneri population in three of the nine no-release control plots. Sentinel cards (35 by 50 mm) with 20 eggs (Þve in the case of M. sexta) were tied to branches at a height of 4.5 m in the canopy of six trees at the center of each release and control plot. Each tree had one egg card from each host species placed out at the same time as the parasitoids were released.
To determine whether susceptibility to parasitism by T. platneri under Þeld conditions varies by height within the orchard canopy, parasitoid activity was monitored at Þve heights (1.5, 3.0, 4.5, 5.0, and 6.5 m) using codling moth sentinel eggs only. At each height we attached two egg cards to 50-mm-diameter PVC poles lodged within the tree canopy, with two poles in each release and control plot.
Four replicate trials of both host species and height stratum were completed at 2-wk intervals in July and August 1999. After 3 d exposure to parasitism, all egg cards were collected, incubated at 25ЊC and a photoperiod of 16:8 (L:D) h, and the percentage of cards with one or more eggs parasitized was recorded.
Data Analysis. From the behavioral observations of the laboratory no-choice tests the proportion of time spent on the eggs (behavior e) was determined for each parasitoid female. Data were analyzed using parametric analysis of variance (ANOVA) and regression except for percentage data from both laboratory and Þeld studies which could not be normalized by transformation. These data were analyzed using nonparametric Kruskal-Wallis ANOVA and multiple comparison tests or SpearmanÕs rank correlation. JMP 3.2.5 (SAS Institute 1999) was used for all analyses except nonparametric multiple comparisons conducted using SigmaStat (Jandel ScientiÞc 1994) .
Results
Physiological Host Range. Host Acceptability. Trichogramma platneri successfully emerged from seven of the 17 host species tested (A. citrana, C. carnea, C. pomonella, E. kuehniella, H. zea, M. sexta, and S. cerealella) . All of the female T. platneri exposed to C. carnea or E. kuehniella successfully parasitized the host eggs (Table 2 ). In contrast, Ͻ50% of the parasitoid females successfully parasitized C. pomonella and H. zea and only 16% parasitized A. citrana. The percentage of time that an average female parasitoid spent on the eggs of these physiologically suitable hosts varied signiÞcantly between species (Fig. 1A) . In general, more time was spent on the larger host eggs, although females were observed more frequently on eggs of C. pomonella and less frequently on eggs of C. carnea than would be expected from their weight alone (Table 1) .
Trichogramma platneri attempted to attack the other six lepidopteran species tested. Observations on Spodoptera exigua and S. frugiperda were combined due to small sample sizes following an incubator malfunction. The parasitoids spent more time on the larger, "hard-shelled" eggs of A. io and B. mori compared with the smaller eggs of Spodoptera spp. (Fig.  1B) . Dissection of the parasitoids and lepidopteran eggs after incubation showed no evidence of oviposition into A. luna, A. io, B. mori, or Spodoptera spp. However, all of the female wasps observed drilling (46%) on D. plexippus eggs were found to have less than Þve eggs left in the ovaries, suggesting that ovi- position had been successful. Because the eggs of this species desiccated after 3Ð 4 d of incubation, it was not possible to determine if parasitoid development would have been successful in this species.
Trichogramma platneri did not contact or attempt oviposition in the eggs of M. domestica or G. calmariensis (Fig. 1C) . Two females brießy drilled (Ͻ5 s) into P. recurva eggs, but no further contact was observed and oviposition did not occur. Eggs of the hemipterans G. punctipes and N. viridula elicited drilling behavior although no evidence of oviposition was found in either case.
The proportion of time spent in contact with the host eggs (behavior e) was signiÞcantly greater for some host species than others (H ϭ 201.10, df ϭ 16, P Ͻ 0.001). The structural integrity of the chorion of different host species was linearly related to host egg weight (F ϭ 16.21; df ϭ 1, 15; P Ͻ 0.01) and both factors were strongly correlated with the amount of time spent in contact with the host eggs ( ϭ 0.84, P Ͻ 0.001, for structural integrity and ϭ 0.60, P Ͻ 0.05 for egg weight).
Progeny Fitness. Mean number of progeny produced per ovipositing female (ANOVA, F ϭ 6.85; df ϭ 6, 165; P Ͻ 0.001) differed signiÞcantly for the seven acceptable hosts (Table 2) . As so few progeny were produced from A. citrana and adults did not always emerge successfully from these eggs, this host was excluded from the analysis of progeny Þtness. The percentage of females (Kruskal-Wallis, H ϭ 68.63; df ϭ 5; P Ͻ 0.001), and both the size (F ϭ 98.42; df ϭ 5, 132; P Ͻ 0.001) and egg load (F ϭ 87.78; df ϭ 5, 132; P Ͻ 0.001) of female progeny differed signiÞcantly between hosts (Table 2) . Progeny size (hind tibia length) increased linearly with host egg weight (log e transformed to improve normality) (F ϭ 725.73; df ϭ 1, 731; P Ͻ 0.0001; r 2 ϭ 0.50; Fig. 2A ) and was weakly correlated with the percentage of female progeny (SpearmanÕs ϭ 0.165; P ϭ 0.04; Fig. 2B ). The mean number of progeny produced per female increased increased linearly toward an asymptote with increasing host egg weight because the female T. platneri had a limited number of eggs available for oviposition (F ϭ 6.52; df ϭ 1, 116; P ϭ 0.01; r 2 ϭ 0.05 for the initial linear increase Fig. 2C ). In general, smaller host eggs such as S. cerealella produced fewer, smaller parasitoids and a lower percentage of females compared with larger hosts such as M. sexta.
Egg load increased linearly with female size (hind tibia length) for all six hosts (Table 3 ) and analysis of covariance (ANCOVA) found a signiÞcant host effect (F ϭ 5.08; df ϭ 5, 731, P Ͻ 0.001). Further investigation showed that the slopes of the linear relationships for E. kuehniella and S. cerealella, the two lightest host eggs, were less than those of the other four hosts and if these two species are excluded the host effect is no longer signiÞcant (F ϭ 1.10; df ϭ 3, 417; P ϭ 0.35). The regressions for C. carnea and E. kuehniella are given as examples (Fig. 3) .
Ecological Host Range. No parasitism (on any of the egg cards) was recorded in the control plots on the Þrst, third and fourth trial dates. During the second trial date host eggs on Þve of 36 cards were parasitized in one of the three control plots in the center of the orchard. However, we attribute this outcome to parasitoid movement from surrounding release plots rather than from naturally occurring parasitoid populations, providing conÞdence that parasitism levels observed in the release plots on all trial dates was due to the T. platneri released in the orchard.
All six of the physiologically acceptable hosts were attacked in the Þeld (Fig. 4A ) and the percentage of egg cards parasitized for all trial dates combined was not signiÞcantly different between host species (H ϭ 3.92, df ϭ 5, P ϭ 0.56). Trichogramma platneri were also active in all parts of the canopy (Fig. 4B) , with no signiÞcant differences in parasitism for all trial dates combined between the Þve height strata sampled (H ϭ 2.30, df ϭ 4, P ϭ 0.68). Parasitism of egg cards was signiÞcantly lower in August than in July for all host species combined (H ϭ 43.70, df ϭ 4, P Ͻ 0.05), probably because higher temperatures in August shortened the lifespan of the parasitoids (Fig. 4C) .
Restricting the analysis to the data from the two July trials only showed a similar lack of signiÞcant difference in parasitism between species (H ϭ 6.46, df ϭ 5, P ϭ 0.26) or height strata (H ϭ 1.79, df ϭ 4, P ϭ 0.77).
Discussion
We presented eggs of eleven species from eight lepidopteran families to T. platneri in the current study and observed drilling and oviposition attempts on all hosts, although saturniid and some noctuid and tortricid eggs proved to be unacceptable or unsuitable for parasitism. In comparison, T. minutum is known to parasitize 23 lepidopteran species from 14 families including C. pomonella, E. kuehniella, M. sexta, and S. cerealella (Yu et al. 1984 , Corrigan and Laing 1994 , Pinto 1998 , Kuhlmann and Mills 1999 and drilled into eggs of two lymantriid species although oviposition was not successful (Bai et al. 1995) . Trichogramma ostriniae (Pang and Chen) parasitized 13 lepidopteran species out of 19 tested and was reared from S. exigua and S. frugiperda, two species not parasitized successfully by T. platneri, but was not reared from M. sexta which is suitable for T. platneri (Hoffmann et al. 1995) . These data suggest that host acceptance among the more polyphagous trichogrammatid parasitoids is species-speciÞc, although eggs from some host families, e.g., Noctuidae and Tortricidae, are likely to be more generally acceptable for parasitism.
Successful emergence of T. platneri from eggs of the green lacewing was unexpected although some reports of trichogrammatid attack on neuropteran eggs exist (Silva and Stouthamer 1999 and references therein) . Under natural conditions, green lacewing eggs are laid on stalks, either singly or in clusters (McEwen et al. 2001) . In this study the lacewing eggs came from a commercial insectary and could not be presented in their natural position. However, when natural clusters of stalked eggs, collected from a walnut orchard, were presented to T. platneri under controlled conditions, the parasitoids readily climbed the stalks and attacked the eggs (S.M., unpublished data). Contact chemicals such as tricosane, a saturated hydrocarbon, are present on the surface of lepidopteran eggs and affect host acceptance in Trichogramma species (Schmidt 1994, Padmavathi and Paul 1998 ). An analysis of the surface chemistry of nonlepidopteran eggs may then account for the acceptance for drilling of neuropteran and hemipteran eggs by T. platneri, and the rejection of eggs from the coleopterans G. calmariensis and P. recurva and the dipteran M. domestica.
The structural integrity of the chorion was an important factor limiting successful oviposition by T. platneri in larger host eggs, such as A. luna and B. mori, although not the only limiting factor as some of the rejected eggs (e.g., Spodoptera spp., M. domestica, and P. recurva) had a similar structural integrity to those of acceptable lepidopteran hosts. The chorion of B. mori eggs is 22 m thick (Schmidt 1994) and Quednau (1955) found Trichogramma spp. could not penetrate a chorion thicker than 20 m. The ratio of chorion thickness to volume of a host egg may also limit the acceptability of small host eggs such as those of Spodoptera spp. The weight of a Spodoptera spp. egg is twice that of an acceptable E. kuehniella egg, however its structural integrity is much greater. We did not investigate the effect of drilling without oviposition on host development because all hosts were frozen before presentation to T. platneri. However, Trichogramma pretiosum (Riley) is known to inject a secretion before oviposition that causes cessation of host development and necrosis sufÞcient to kill the host in the absence of parasitoid development (Strand 1986 ). If T. platneri exhibits similar behavior, drilling alone could be sufÞcient to kill small host eggs such as Spodoptera spp.
The linear relationship between egg load and parasitoid size was partially host speciÞc and effectively separated the two commercial rearing hosts (E. kuehniella and S. cerealella) from the other four acceptable hosts. Female T. platneri reared on the noctuid T. ni, which has an egg volume approximately twice that of S. cerealella (Bai et al. 1992) , are larger on average and have greater egg loads than parasitoids reared from S. cerealella (Hohmann et al. 1988 ) with a mean size and egg load similar to our results. Female T. pretiosum reared from T. ni and T. minutum reared from C. fumiferana, L. fiscellaria, and M. sexta are also larger and have greater egg loads than female parasitoids reared from small stored product hosts (Bai et al. 1992 , Bourchier et al. 1993 , Corrigan and Laing 1994 . Larger trichogrammatid parasitoids live longer and have greater success Þnding mates and hosts than smaller parasitoids (Kazmer and Luck 1995, Boivin and Lagace 1999) . Although 24 h egg load is not a good indicator of fecundity for some Trichogramma species (Mills and Kuhlmann 2000) , fecundity does increase with longevity and parasitoid size (Bourchier et al. 1993, Kuhlmann and . Therefore, trichogrammatids reared on E. kuehniella and S. cerealella will have lower Þtness than those reared from larger hosts.
When released in the Þeld, T. platneri attacked all six physiologically acceptable hosts, including C. carnea, and parasitoids were equally active in all height sections of the canopy of a walnut orchard. The observed parasitism rates (5Ð15% of sentinel egg cards exposed) might appear to be low, but fall within the normal range of previous observations of parasitism of sentinel egg cards in Trichogramma-inundated walnut orchards (N.J.M., unpublished data). The target host C. pomonella was not favored over the other hosts offered, and the suitability of a particular host for progeny production did not inßuence its probability of being parasitized. This suggests that if a physiologically acceptable host is present within the release area of an inundative biological control program then parasitism is probable. However, as experimental hosts were exposed at equal densities in the Þeld test we cannot predict whether parasitism rates would be comparable for hosts that are either more or less common than the target pest.
Other factors likely to affect the probability of nontarget effects from Trichogramma inundation include dispersal, host plant characteristics and temporal overlap between acceptable hosts and releases (Orr et al. 2000) . Trichogramma platneri dispersed only 14 m away from a point source within an apple orchard (McDougall and Mills 1997) and dispersal outside of walnut orchards appears to be limited (MansÞeld 2000) . Searching efÞciency of trichogrammatid parasitoids declines in more complex or heterogeneous environments (Andow and Prokrym 1990), therefore providing a partial refuge for acceptable eggs on plants with a more complex architecture or plants with hirsute leaves (Fanslow 1999) . Temporal availability of host eggs is a signiÞcant factor because only those species with eggs present during T. platneri releases would be exposed to attack. For example, eggs of C. carnea or related species frequently occur in walnut orchards between May and August when inundative releases are conducted (Essig 1958 , UCIPM 1993 S.M., unpublished data) .
Inundative releases of T. platneri are likely to impact green lacewing and moth populations within walnut orchards. Green lacewings such as C. carnea are important naturally occurring predators (Stelzl and Devetak 1999, Tauber et al. 2000) and local reduction in their populations may adversely affect control of the dusky-veined aphid, Callaphis juglandis (Kaltenbach), in walnuts (UCIPM 1993). The nontarget lepidopterans known from walnut orchards (nine species from Þve families: Arctiidae, Geometridae, Lymantriidae, Notodontidae and Tortricidae) are polyphagous species that can be minor pests (Essig 1958 , Michelbacher and Ortega 1958 , UCIPM 1993 and therefore incidental parasitism of these species by T. platneri is unlikely to be of concern. More generally, our results show that the physiological host range may be sufÞ-cient to predict the risk of nontarget impacts for polyphagous parasitoids that attack hosts which share a common form of exposure on the plant. It may not be sufÞcient, however, if potential nontarget hosts occur on different plants at the release site, and tem-poral overlap remains a necessary condition for nontarget impacts to occur. The approach of using limiting characteristics (such as structural integrity of the chorion and taxon) to deÞne the physiological host range of T. platneri should prove to be valuable in the evaluation of nontarget impacts for other nonspeciÞc parasitoid species.
